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The present invention provides a process for determin- 
ing genotypes in highly polymorphic systems by polymerase 
chain reaction amplification of cDNA or genomic DNA and 
direct sequencing polymerase chain reaction products using 
oligonucleotide primers. More specifically ^lass I HLA gen- 
otypes can be unambiguously determined m any subject in 
16-24 hours by direct sequencing of HLA- A, HLA-B, and 
HLA-C transcripts enzymatically amplified and sequenced 
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DNA SEQUENCE-BASED ELA CLASS I TYPING METHOD 

This invention was made with Government support 
under gran:: number DK 3682S by the U.S. National Institutes 
5 of Health. The Government has certain rights in the 
invention. 

Techn i cal Field 
The prasent invention relates to a process for 

10 determining genotypes of highly polymorphic systems, such 
as the Class I genes of the major histocompatibility 
complex of humans- Specifically; the method of the present 
invention involves amplifying the alleles carried by any 
given individual at a gene locus or loci of interest by 

15 polymerase chain reaction with selected oligonucleotide 
primers. The polymerase chain reaction products are 
directly sequenced followed by evaluation of the resulting 
nucleic acid ladders to determine the genotype of sample 
nucleic acid. 

20 

Background of the Invention 
HLA Class I -polymorphism analysis. 
1 . Intr oduct i on 

The major histocompatibility complex (MHC) 

25 includes the human leukocyte antigens (HLA) gene complex 
which is located on the short arm of human chromosome six. 
These g^?.es encode cell-surface proteins which regulate 
cell-cell interactions of the immune response. The various 
HLA Class I "loci encode the heavy chain of the Class I 

30 molecules (44,000 dalton polypeptide), which associate with 
B-2 microglobulin. The different Class I dimers are 
expressed on the surface of essentially all human cell 

i 

types; These molecules are involved in the presentation of 
endogenous peptides (i.e., virally-encoded proteins) by the 
3 5 expressing cells; this molecular complex is recognized on 
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the target cells by cytotoxic T lymphocytes, in a self- 
restricted manner. 

The HLA-A, -B and -C loci of the HLA Class I 
I region exhibit an extraordinarily high degree of 
5 \ polymorphism. The WHO nomenclature committee for factors 
: f o^ the HLA system [Marsh and Bodmer, Immunogenetics, 31:131 
! I (1990)] designated 25 alleles at the HLA-A (HLA-A*0101, 
I A*0201 / etc.) / 32 alleles at the HL&-B, and 11 alleles at 
) the HLA-C loci. Since this high degree of polymorphism 
: . 10 • relates to the function of the HLA molecules, much effort 
has gone into designing accurate and optimal methods for 
| detecting the many possible alleles that may be carried at 
; each locus by any given individual of the population, 
j Products of the HLA genes were first identified by 
• : 15 ; reactions of antisera. Serological techniques remain the 
: primary, and in many cases the only, typing method for HLA' 
\ antigens. The complement-dependent cytotoxicity (CDC) 

- assay is the method most often used to define serologic 
specificities [Terasaki and McClelland, Nature, 204:998, 

20 (1964)]. The advantages of the CDC include the small 
volumes of antisera and target cells and the relatively 
; short time required for the test. 

One great disadvantage of serological typing is 

- that alloantisera Eire not infrequently limited in number 

25 ■ and volume, and often have complex reactivities, so that an 
extensive program is required to identify and obtain useful 
■ sera. Perhaps most importantly, however, many cellularly 
and/or biochemically defined polymorphisms, which in all 
likelihood have functional significance in bone marrow 
30 : transplantation, cannot be detected by serological ! 
; techniques [Anasetti et al., Hum. Immunol., 29:70 (1990)].; 

One-dimensional isoelectric focusing (1D-IEF) is 
very effective in identifying serologically undetectable 
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variants or subtypes for the ELA-A and KLA-3 antigens 
[Yang., Immunobiology of HLA, Vol. I, 332 (1989)] which have 
been implicated in the development of acute graft-versus- 
host disease and in graft rejection in bone marrow 
5 transplantation.. In this technique, metabolically labeled 
cell lysates are immunoprecipitated using monoclonal 
antibodies to Class I antigens and the immunoprecipitates 
are desialated and subjected to isoelectricf ocusing. The 
technique, however, is time consuming and cumbersome. 
10 Interpretation of the IEF patterns is dependent on prior 
knowledge of the serological definition, and certain HLA 
antigens show so many overlapping bands that IEF assignment 
is difficult and impractical- 
It is believed that only about 30% of the existing 
.15 Class I sequences are known as of today. This limited 

knowledge extraordinarily complicates -the application and 
use of other molecular approaches for Class I HLA typing 
which are being used for Class II typing (i-e., 
oligotyping).. Furthermore, because the distribution and 
20 nature of the sequence polymorphisms in the Class I genes 
is very different from that seen in Class II genes, 
oligotyping strategies for Class I genes may require the 
use of a *very large number of oligonucleotides to type the 
alleles known : at the present time and this number may 
25 become much larger as new allelic sequences are described. 
Application of a sequence-based typing technique to the 
analysis of HLA Class I polymorphism presented a series of 
problems additional to those associated with HLA Class II 
typing. These problems are: l) 'the informative 
30 polymorphism at Class I loci spans 2 different exons 

(approximately 600 base-pairs) , instead of 1 in Class II 
genes; 2) the HLA-A, -B and -C loci are believed to be far 
more polymorphic than Class II loci; 3) the different 
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Class I loci are far more related to each other in terms of 
DNA and amino acid sequence than Class II loci are to each 
other. Thus, when the alleles at each locus are compared 
with each other, they resemble alleles at a single locus 
5 and, therefore, given that up to 6 different Class I genes 
may be expressed. by a given individual (2 alleles at each 

locus) this increases t$e number of technical limitations 

i . * 

to molecular typxng imposed by this polymorphic system. 

Accordingly, there is a need for a method to 
10 determine genomic information from such a highly 
polymorphic system as the HLA- Class I system that 
addresses the limitations imposed by previous methods. 
That is, a system that is capable of determining -the 
nucleotide sequences of ithe genes carried by any given 
15 :individual without the rieed to have previous knowledge of 
the Individual's SLA type as defined by other methods. 

The present invention provides a molecular 
approach for accurate HLA Class I sequence-based typing 
that is rapid, avoids the use of oligonucleotides specific 
20 for each )cnown allele, requires the use of only a small 
number of oligonucleotide primers, does not require 
.previous typing information, can readily detect new 
sequence variants unidentifiable with more conventional 
approaches, and is entirely automatable. 
" 25 ; ! 

; Summary of the Invention 

The present invention relates to a method for 
-determining the nucleic , acid sequence of one or more 
polymorphic genes of a subject by amplifying and direct 
3 0 sequencing genomic or complementary DNA molecules for each 
allele at each gene locus to be sequenced. The 
amplification and sequencing of DNA molecules utilizes 
selected locus-specific oligonucleotide primerc that 
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provide for detailed characterization of HLA gene 
polymorphism, at the sequence level, in the population* 
; The method is specifically designed to provide rapid and 
] accurate determination of a major histocompatibility 
5 complex class genotype of a subject in a sample (e.g., 

; Class I) • Most particularly, the method is directed to 

i 

| determining at least one HLA Class 1 gene locus including 

! HLA-A, and/or HLA-B, and/or HLA-C genes. 

{ To determine a Class I gene locus nucleic acid 

i 

10 sequence polymorphism with the method of the present 
j invention, nucleic acid (3RHA or DNA) from a sample is 
■ isolated. According to the present invention, the sample 
nucleic acid sequence is determined by: amplifying the 
cDNA molecules or genomic DNA by polymerase chain reaction 
15 to generate sufficient product for each allele of each gene 
: locus to be sequenced, with all of the alleles for each ' 
i gene locus and chromosome to be sequenced being amplified 
with at least one Class I loci-specific primer annealing to 
all possible alleles at all Class I loci at each chromosome 
20 and a locus-specific primer that anneals preferentially to 
a region of each said gene locus which has a sequence that 
is shared by all alleles at said locus ; preparing the 
? products of each PCR for sequencing (clean) ; sequencing 
directly the products of each polymerase chain xeaction 
25 product tc detect each allele at each gene locus of each 
chromosome with Taq polymerase and either a locus-specific 
primer and a Class I loci-specific primer or two Class I 
loci-specific oligonucleotide primers; and analyzing each 
sequenced product for each locus and primer combination (s) 
30 to determine the genotype of the subject. The analysis is 
conducted by comparing the nucleotide sequence of each 
i allele of each gene locus sequence to known sequences for 
each locus. Comparison of nucleic acid ladders for 
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sequenced alleles can be conducted visually or using 
computer software. 

In a preferred embodiment of the present invention 
the nucleic acid is BNA. When the subject nucleic acid is 
5 ENA, prior to amplification, cDNA molecules are? synthesized 
for each allele at each Class I loci of each ciuromasome to 
be sequenced using oligonucleotide primers ; thatjj anneal to a 
region of each gene locus shared by all alleles?, of each 
said gene locus. The unincorporated oligonucleotide primer 
10 used for generating the cDNA is then removed. ; 

In a preferred embodiment, the process^ of the 
invention is automated for use in rapid genotype 
determinations, including diagnosis of genetic diseases, 
forensics and paternity testing. Automation of- the process 
15 includes isolating the sample nucleic acid ; with' an 1RNA/DNA 
extractor; amplifying the synthesized cDNA ; mol ecul e or the 
isolated DNA molecule by polymerase chain reaction using a 
thermocycler to generate the polymerase chain reaction 
products; sequencing the polymerase chain reaction products 
20 in an automated sequencing apparatus; and analyzing each 
sequenced polymerase chain reaction product with the 
computer having a database with allelic sequence 
information and the capacity to conduct the appropriate 
algorithm for comparing the polymerase chain reaction 
25 product sequence for each allele amplified with ^"nown gene 
sequences • 

The invention further relates to specific groups 
of oligonucleotide primers useful in the steps of cDNA 
synthesis, cDNA amplification by polymerase chain reaction 
30 and direct sequencing of the polymerase chain reaction 
products to determine the nucleotide sequence of each of 
the alleles at each locus of each chromosome that is 
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amplified. Useful single strand DNA oligonucleotide 
primers are described in Table 1 herein. 

Brief Description of the Drawings 
5 Figure! 1A shows a schematic of the primer binding 

^ites on HLA-A, HLA-jB, and HLA-C transcripts involved in 
the cDNA/PCR/Seguenqing steps for determining HLA Class I 
(HLA-A, HLA-B and H£A-C) genes. In Figures .1A-1D, stippled 
boxes represent! RT flrimers; black boxes represent PCR 

i 

10 primers; blank boxes represent sequencing primers; boxes 
with horizontal lines represent RT-PCR primers; and boxes 
with diagonal bars aire PCR/seg primers. 

Figures 1B-:1D show primer binding sites on HLA-A, 
HLA-B and HLA-C transcripts .in the method according -to the 
.15 present invention. £ach figure shows the end-products of 
the ±wo reactions fqr each locus . 

Figure' 2 shows a flow-chart of the procedure for 
peripheral blood samples. Each reaction is performed in a 
different test tube. The reactions are named with numbers; 
2 0 these numbers (1-6) correspond to those shown in Table II 
(combinations of primers/reaction) . 

Figure 3 shows family pedigree of subjects PC, .AR 
and KR as well as their serological typing results; for 
HLA-A, -3 and DR loci. Sequence-ba:*.ed Class I typing was 
25 not only ar>le to predict the serological reactivities of 
, these subjects, but also to identify new allelic sequences 
not detectable by serology (i.e., second haplotype of KR).. 

Figures 4 A and 4B show direct sequencing of A 
(left) and B (right) genes of subjects PC and AR from 
30 family of Figure 3 using the combination of primers of 
reactions #2 and #4,. respectively. This combination is 
indicated at the bottom of the Figure. For practical 
purposes, the template codons to which each of the used 
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primers anneal (i.e., primer ABC101 = ABC(-8/-l) are 
indicated in parenthesis- For the A locus, the Figure 
shows results obtained by using different MgCl 2 
concentrations. By decreasing the final MgCl 2 
5 concentration (i.e., 3 1 of 25 aM MgCl 2 ), the reaction 
results in the selective amplification of one of the two 
alleles present at the A locus. Increasing ±he final MgCl^ 
concentration allows to see the ladders corresponding to 
each allele without losing the locus-specificity of the 
10 reaction. On the side of the Figure, the positions where 
two bands can be seen or where there should be two bands 
according to the expected sequences for the serological 
specificities expressed by these subjects is indicated. 
The observed (obs.) and expected (pred.) sequences 
15 corresponding to each allele at each locus are shown. The 
locus-specificity of the reactions was assessed by the 
presence of locus-specific bases at the positions 
indicated. Codon positions are also indicated as reference 
points. Comp. means "Compression" and indicates the 
20 presence of a sequence artifact at this position iue to a 
compression of bands in the ladder during the 
electrophoresis. For the B locus, results using two 
different concentrations of PCR primers (100 ng each or 
200 ng each) are shown. 
25 Figure 5 shows ladders generated for the A locus 

in .3 homozygous cell lines and a heterozygous subject using 
combination ' of primers of reaction #1 (bottom of Figure). 
Observed and expected sequences are indicated on the side 
j of the Figure for the heterozygote, wherever two bands are 
30 either present or expected. Locus- and allele-specif ic 
positions, as well as a compression artifact , are also 
indicated. 



9219771A1 I > 



WO 92/19771 



PCT/US92/01679 



Figure 6 shows ladders generated for the B locus 
g in two homozygous cell lines and a B .locus homozygous 

| subject using conditions of reaction #3. Predicted and 

expected sequence for specificity B38 (JBUSH cell line) are 
5 indicated. ! \ 

^ Detailed Description of the Invention 

As used herein, the term "geneM reffers to a 
segment of .DNA, composed of a transcribed region and a 
10 regulatory sequence that makes possible a transcription. 
The term "gene locus" refers to the specifics place on the 
?; chromosome where a gene is located. The term "allele" 

as refers to the multiple forms of a gene that ban exist at a 

single gene locus at a single chromosome and? are 
15 distinguishable from the other possible lalleles by their 
differing effects on phenotype (detectable outward 
manifestations of a specific genotype) . "Haplotype" refers 
to the specific allele composition of the genes at multiple 
loci on the same chromosome. As used herein the term 
f ^ 20 "genotype" refers to the specific allelic composition of a 
gene at multiple linked loci at each chromosome (2 
haplo types).. 

The term "oligonucleotide" as used herein refers 
to a molecule having two or more deoxyribonucleotides or 

25 ribonucleotides, preferably more than three • 

deoxyribonucleotides. The exact number of nucleotides in 
the molecule will depend on the function of the specific 
oligonucleotide molecule. As used herein the term "primer" 
refers to a single stranded DNA oligonucleotide sequence, 

30 preferably produced synthetically which is capable of 

acting as a point of initiation for synthesis of a primer 
extension product which is complementary to a nucleic acid 
strand to be copied or a point of initiation for sequencing 
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a DNA molecule. In the case of primers intended for use in 
synthesizing cDNA or amplifying cDNA or genomic DNA 
molecules by polymerase chain reaction products, the length 
and sequence of the primer must be sufficient to prime the 
5 synthesis of extension products in the presence of a 
polymerization enzyme. Preferably, the length of the 
primer is from about 5-50 nucleotides, more preferably from 
about 5-20 nucleotides. Specific length and sequence of 
the primer will depend on complexity of required DNA or RNA 
10 target templates, as well as conditions of primer 

employment such as temperature, ionic strength, and MgCl 2 
concentration as well as role of primer in the reaction 
(CDNA synthesis, PGR or sequencing) . 

As used herein, "locus-specific oligonucleotide 
15 primer" xefers to an oligonucleotide molecule that 

corresponds to a region of high DNA sequence conservation 
(i.e. less than 1-2 nucleotide variations) among all 
alleles of a single gene locus* For example, in the case 
of the HLA-A locus, the locus-specific oligonucleotide 
20 primer will anneal or bind preferentially to all HLA-A 
alleles under the conditions described here- Similarly, 
HLA-B and HTA-C locus-specific oligonucleotide primers will 
preferentially bind to HLA-B and HLA-C alleles, 
respectively. Xn contrast to this, "Class I loci-specific 
25 oligonucleotide primer" refers to an oligonucleotide 

molecule that corresponds to a region of high DNA sequence 
conservation (i-e., less than about 1-2 nucleotide 
variations) among all. the individual gene loci of a gene 
class and anneals to a region of a group of related HLA 
30 loci that ;has the samfe conserved sequence for all alleles 
at all the related loci. In the preferred embodiment, the 
Class I loci-specific oligonucleotide primers anneal or 
bind to a relatively conserved (i.e., about 1-2 mismatches) 
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region cf all alleles of HLA-A, HLA-B, and HIA-C genes.. 
While the Class I loci- or individual locus-specific primer 
need not correspond exactly to the* nucleotide template to 
which it anneals, as stated above, each primer will liave 
5 minimal , preferably less than one or two mismatches with 
the target nucleotide template. Functionally, the Class ;i 
loci- and individual locus-specific primers are capable of 
equally priming the target template (cDNA, VCR product, 
etc.) at high stringency conditions. 
10 The present invention is directed to a process for 

determining the sequences of the alleles of highly 
polymorphic gene systems carried by any given individual, 
such as, for example, the human HLA system, most 
particularly Class I genes, using enzymatic amplification 
15 and direct sequencing of the gene cDNA molecules using a 
limited number of primers and avoiding the use of allele 
specific oligonucleotides as much as possible. The present 
method is particularly well suited to determining allelic 
sequences of Class I HIA genes, thereby providing complete 
20 HLA Class I genotype information for a subject. Using the 
method of the present invention complete Class I HLA typing 
(HLA-A, -3, and -C) can be performed in about 16 to 24 
hours or less. 

Generally, the method of the present invention 
25 involves: extraction of sample nucleic acid; in -the case 
of RNA, generation of cDNA ; cDNA or genomic DNA 
amplification; direct sequencing of amplification products; 
and analysis of the direct sequence information. 
Generation of cDNA, amplifying the cDNA and direct 
3 0 sequencing the cDNA amplification products is accomplished 
using oligonucleotide primers with specific 
characteristics, such as those described herein. 
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"More specifically, the primers for binding sites 
on Class I HLA transcripts and cDNA molecules provided in 
j "the present invention allow: a) selection of the alleles at 

\ each separate locus (A or B or C) and yet allow the 

; 5 detection of both possible alleles at each locus in unknown 

\ beterozygotes ; and b) generation of sequencing information 

| encompassing both polymorphic exons of Class I genes by 

I using the fewest possible number of reactions, 

j In the case of RNA, cDNA molecules for each allele 

1 10 at each Class 1 locus (A or B or C loci) on each chromosome 

; that are to be sequenced are synthesized by employing a 

•k I locus -specific oligonucleotide primer that anneals to a 

region of each gene locus which has a sequence that is 
; shared by all the alleles at a given locus (with up to 

i .15 about two nucleotide mismatches between the primer and any 

allele at that locus) but is different for all the alleles 
■? at the other related loci (with at least about two 

mismatches) . 

The sample nucleic acid sequence is determined by: 
20 amplifying the cDNA molecules by PCR, after removing the 
unincorporated oligonucleotide primer used for generating 
the cDNA molecules (clean) , to generate sufficient product 
: for each allele of each gene locus to be sequenced, with 

^ all of the alleles for each gene locus and chromosome to be 

25 sequenced being amplified with at least one Class I loci- 
specific oligonucleotide primer annealing equally to all 
) possible alleles at each Class I gene loci at each 

chromosome and a locus-specific oligonucleotide primer that 
anneals to a region of each gene locus which has a sequence 
30 that is shared by all the alleles at the given locus (with 
; up to about two nucleotide mismatches between the primer 

and any allele at that locus) but is different for all the 
alleles at the other related loci (with at least about two 
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mismatches) ; preparing the products of each PCR for 
sequencing (clean); sequencing directly the products of 
each PCR product to detect each allele at each gene locus 
of each chromosome with Tag polymerase and either a locus- 
5 specific primer and a Class I loci-specific oligonucleotide 
primer or two Class I loci-specific oligonucleotide 
primers; and analyzing each sequenced product for each 
locus and primer combination (s) to determine the genotype 
of the subject. 

10 

^- Oligonucleotide Primers 

The oligonucleotide primers of the present 
invention can be synthesized using any known suitable 
method, such as phosphotriester and phosphodiester methods. 

15 Narang et al. # Methods Enzvmol . , 68:90 (1979); Brown et 

al., Methods Enzymol . ., .68:109 (1979), Oligonucleotides can 
be prepared using a modified solid support such as a 
Biosearch 8750 DNA synthesizer. Useful primers can also be 
isolated from a biological source using appropriate 

20 restriction endonucleases which cut double stranded DNA at 
or near a nucleotide sequence of interest for use as a 
primer. 

B. Extraction of Sample Nucleic Acid 

25 in the process of the present invention any source 

of nucleic acid can be used as the sample nucleic acid, as 
long as the sample contains the nucleic acid sequence of 
interest.. For example, the sample chosen for the present 
method can be PNA # DNA or a DNA/RNA hybrid. While typical 

30 samples include peripheral blood mononuclear cells, 

(PBMNCs), lymphoblastoid cell lines (LCL's), hair cells or 
the like, for determining human HLA Class I gene 
polymorphisms XCL's or PBMNCs are preferred. The nucleic 
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acid to be isolated (e.g. RNA or DNA) will depend on the 
source of genetic material (blood stain, hair, or 
peripheral blood cells).. However, in the case of HLA 
Class I genes; including HLA-A, HLA-B and HIA-C, the 
5 preferred isolated nucleic acid as total cellular SNA when 
the typing .id to be done for transplantation purposes or 
paternity testing. For forensic uses, genomic DNA may be 
the pref erracS genetic material in which case different 
primer considerations would be used. Cytoplasmic and 
10 poly (A) + RNA can also be used. It is envisioned that 
isolation of ^sample nucleic acid for the present process 
can be automated using a DNA/RNA extractor (such as 
Model 341 DNA extractor available from Applied Biosystems, 
Inc. ; Foster :City, CA) . 

C. Generation of cDNA 

Complementary DNA (cDNA) of the sample nucleic 
acid is generated using specific oligonucleotide primers 
and cloned reverse transcriptase following general 

20 conditions suggested by the enzyme manufacturer (Bethssda 
Research Laboratories, Gaithersburg, MD) . Specific 
differences in type and amount of primers used, dNTP 
concentrations and elongation times will be readily 
apparent to those of skill in the art based on the Examples 

25 that follow. ; 

D. Polymerase Chain Reaction 

Amplification of cDNA or genomic DNA for each gene 
locus of interest is accomplished using the polymerase 
30 chain reaction (PCR) as generally described in U.S. Pat. 
Nos. 4,683,195 and 4,583,202 to Mullis. The PCR consists 
of many repetitions of a cycle which consists of: (a) a 
denaturation step, which melts both strands of a DNA 
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molecule.; (b) an annealing step, which is aimed at allowing 
.* the primers to anneal specifically to the melted strands of 

% > the DNA molecule; and (c) an extension step, which 

I incorporates to the primers deoxyribonucleotides 

i 5 complementary to those of the strand of DNA to which the 

| primers are annealed. The PCR process , as indicated in the 

) ^ Examples, can he conducted using a Thermocycler 

I (Perkin-Elmer, Cetus, Emeryville, CA) . 

| .The conditions used for the PCR reactions will 

t 

j 10 depend on the specific primers used for a given gene locus 
v application. The concentrations of primers, and buffers 

| I used will be apparent from and include the process 

■*i parameters described in the Examples that follow.. 

! 15 E. Direct Sequencing Of PCR Products 

I 'Direct sequencing of double-stranded' DNA generated 

* by the PCR is accomplished using Taq polymerase and 
specific combinations of reagents at appropriate 
concentrations • The sequencing procedure can be conducted 

V-;, 20 in an automatic sequencing apparatus such as the 3 73 A Model 
DNA Sequencer from Applied Biosy stems Inc.. (Foster City, 
. CA) . The reagents, including sequencing primers, labelled 
with radioactive or non-radioactive labels, sequencing 
^ - conditions, and nucleotide termination mixtures will be 

* 25 understood by those of skill in the art based on the direct 

sequencing procedure specified in the following Examples, 
■3 The present sequencing protocol for double- stranded PCR 

templates described here requires the use of specific 

primers in both the amplification and sequencing steps. 
, : 30 The use of specific primer pair combinations is required to 

generate clean, recognizable sequence ladders ^corresponding 
. 4 ; to each locus to be sequenced that can be interpreted. 
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F. Analysis Of Direct Sequenced PCR Products 

The nucleic acid ladders resulting from direct 
sequencing the cDNA or genomic DNA for each gene locus of 
interest can be assessed visually from autoradiograms or by 
5 employing a computer programmed with nucleotides sequence 
information for all alleles of all haplotypes and 
procedures for comparing sequenced alleles and known 
alleles of gene loci of interest/ In; a preferred 
embodiment of the present invention, the evaluation of gene 
10 locus alleles involves comparison of the gene sequences of 
each polymerase chain reaction product with a library of 
.known genotype information such as the information obtained 
on .homologous cell lines very well characterized by methods 
other than sequencing [Marsh and Bodmer, Immunoaenetics . 
15 31:131 (1990)] as well as sequences of individual alleles. 
This comparison can be conducted visually or by computer 
that generates and compares the specific sequence 
information for each allele of a gene. locus* 

It is envisioned that the process of the present 
20 invention can be used to amplify and sequence known and 

unknown highly polymorphic systems (e.g., HLA typing). The 
method is particularly well suited for Class I HLA typing, 
reducing its costs, increasing its speed and especially 
improving its accuracy. The present process is believed to 
25 be useful for paternity testing and forensic medicine, with 
more accuracy than restriction fragment length polymorphism 
(RFLP), DNA fingerprinting or dot blot-detection systems. 
While in the latter only a hybridization pattern is 
observed, direct sequencing of amplified products shows the 
30 exact nucleotide sequence of the amplified genes, and hence 
is more accurate and reliable. 

As evidenced by the following Examples, sequence 
polymorphism analysis of Class I HLA genes can be rapidly 
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performed in any subject of unknown HLA type by means of 
enzymatic amplification and direct sequencing of Class I 
genes using a limited number of locus-specific and Class I 
loci-specific oligonucleotide primer combinations ♦ The 
approach described herein is entirely automatable using 
currently available techn-.^ogy and, as opposed to 
previously | described methods using oligonucleotide probes 
and dot blots, has the advantage of detecting the presence 
of new ; allelic sequences or sequence microheterogeneity at 
the' population level. The methodology of the present 
invention is envisioned to be useful for detailed analyses 
of the, effects of sequence allelism at different Class I 
HLA loci on graft survival after allogeneic 
transplantation. The method of the present invention 
allows; rapid and precise sequence analysis of Class I HLA 
polymorphism in studies of human disease and may be of 
interest in the search for new Class I sequence variants in 
large populations of subjects. 

The present invention is further described by 
illustration in the following Examples which are not 
intended to limit the invention. 

EXAMPLE I 

1- Preparation of Olicrodeoxyribonucleotide Primers and 
25 Sequence Primer Combinations Useful for 

cDNA/PCR/Seouencinq Reactions of Class II HLA Genes 

All of the oligodeoxyribonucleotide primers 
described herewithin were synthesized as described below: 

Automated Synthesis of oligodeoxyribonucleotide 
30 primers: The b-cyanoethylphosphoamidites , obtained from 
Milligen-Biosearch (Novato, CA) , were sequentially 
condensed to a nucleoside derivatized controlled pore glass 
support using a Biosearch 8750 DNA synthesizer. Condensa- 
tion cycles included detritylation with dichloroacetic acid 
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in dichloromethane, followed by condensation with 
benzotriazole and capping with acetic anhydride and 1- 
methylimidazole in tetrahydrofuran and pyridine, -with each 
cycle time being approximately 9 minutes. Yields at each 
5 step were >99% as determined by measuring dimethoxytrityle 
-Icohol release. The methodology for 

oligodeoxyribonucleotide synthesis is described .in j 
Caruthers, et al., Methods Enzvmcl . , 154 :287 (1987)* ; 

Deprotection and purification of oligodeoxyribo- • 
10 nucleotide primers: Deprotection and purification of 
oligodeoxyribonucleotide primers was performed using the 
procedure described by Schulhof et al., Nucl. Acids Res. . 
15:397 (1987), Briefly, the oligodeoxyribonucleotide was 
removed from the solid support by -exposure to concentrated 
15 ammonium hydroxide at room temperature for about one hour. 
The solution containing the partially deprotected 
oligodeoxyribonucleotide was brought to 65 *C for 16 hours. 
Ammonia was removed and the residue was subjected to 
chromatography on a CIS reverse-phase column (RP 304, 
20 BioRad, Richmond, VA) using a linear gradient of 14 to 20% 
acatonitrile in 0*1 molar ammonium/triethylamine, pH 7.0, 
The dimethoxytrityle group was removed from the HPLC- 
purified oligodeoxyribonucleotide by treatment with 70% 
acetic acid. The detritylated oligodeoxyribonucleotide was 
25 recovered _y precipitation in ether, vacuum centrifuged 
until dry, resuspended in water and guantitated by 
measuring its absorbance at 260 nm. 

Using the above procedure, the following 
oligonucleotide primers corresponding to specified regions 
30 of the Class I HLA-A, HLA-B and HLA-C loci were synthesized 
(see Table I below) and extensively tested: 
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2. Combinations of Primers for cDNA/PCR/Seouence Reactions 
There are specific combinations of oligonucleotide 
primers for each reaction and for each locus, including 
cDNA synthesis, PCR amplification and direct sequencing, 
5 which are designed to provide all the necessary sequence 
information for obtaining highly accurate, fast and 
inexpensive typing results. These combinations are listed 
in Table II below* Each of these combinations of 
oligonucleotides is characterized by its ability to 
10 generate an end-product (sequencing ladder) which is 
suitable of being accurately read by the naked eye or 
processed by computer operated under appropriate software. 

For typing purposes in the clinical setting, such 
as in transplantation, the method uses UNA isolated from 
15 peripheral blood mononuclear cells as starting material; 
for forensic purposes, however, DNA is often the only 
available template on which amplification and sequencing 
primers can, be employed. The specific combinations of 
primers for ENA analysis are described below in more 
20 detail • The general overview of the HLA typing strategy 
employing these primer combinations is shown in 
Figures l(A-D) and 2 and discussed further in Example 2. 
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TABLE II 

Combinations of Primers for cDNA/PCR/Seo Reactions 



10 



15 



20 



25 



(6)1. 

2. 

3. 

4. 

5 . 

6. 



(6) 



■jOCUS 

A 
A 
B 
3 
C 
C 



cDNA* 


PCR1 


PCR2 


A.T.** 


Sea ; 


ABC102 


ABC109 


A105 


55«C 


A108 < 


Al 05 


ABC101 


A108 


55 B C 


ABC112***j 


B104 


ABC109 


B107 


55 a C 


ABC113 ; 


B104 


ABC101 


B107 


55 B C 


ABC112***f 


C103 


ABC109 


C106 


55 fl C 


ABC113 l 


C103 


ABC101 


C106 


55 B C 


-ABC112***? 

i 5 



A105 



Alternative combination for this reaction: 
(CDNA), ABC109 (PCR1) , A108 (PCR2) , ABC113 5 
(Sequencing). m t ; 

The RT primer is removed after cDNA synthesis by spin-.- 
dialysis. 

The optimal MgCl 2 concentration is different for 
different primer combinations (see below) . The 
concentration ratios between the primers is also ; 
different in different reactions (see below)-. • 
*** Primer ABC116 may be used to sequence these products in 
order to read polymorphic sequences close to the 5 f end 
of the cDNAs ♦ 



30 



40 



^EXAMPLE II 

Protocol: ELA Class I "Typing" by Direct 
Sequencing of HLA-A, HLA-B and HLA-C Genes 



35 1.. 



45 



Cell Lines and Subjects 

Lymphoblastoid cell lines (XCLs) of -the 10th 
International Histocompatibility Workshop [Yang et al., 
Immunobiology of .HLA, Vol T: " Histocompatibility Testing 
1987, (1989); Dupont, Hum Immunol., 26, 3 (1989)] were 
provided by Dr. Miriam Segall (University of Minnesota) , 
Cell lines were also established on 4 subjects, 3 of them 
belonging to the same family. All these cell lines had 
been previously serologically typed for HLA Class I and 
Class II antigens and were used to test the methodology 
presented here. The serological types of each of the 
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subjects under study were not known to the investigator 
performing the sequence analysis at the time the analysis 
was performed. The cell lines and heterozygote subjects 
tested included: SA (WS# 9001), MZO70782 (9002), JBUSH 
5 (9035), JVM (9039), 3H (9046), SAVC (9034), DEM (9007), 

TOTR076 (9012), PML (9016), XSH (9021), H0301 (9055), SPOO10 
(9036), TF (family 6025-003), KR (family 6044-005), PC 
(family 6044-005) and Ak (6044-006). 

10 2. HLA Class I fA, B and C) Transcript Amplification Using 
Class X-Soecific and Locus-Specific fHIA-A or KLA-3 or 
HXA-C Oligonucleotides 

Total cellular. SNA was prepared from the cell 

lines by cesium chloride centrifugation [Chirgwin et al., 

15 Biochemistry, IS, 5249 (1979)]. One to 5 g of total 

cellular £NA was reverse transcribed with Moloney leukemia 
■ virus .reverse transcriptase (KLVRT) 200 (Bethesda 
■Research Laboratories) in 50 mM Tris HCl, pH 8.3, 75 mM 
3CC1, 10 mM DTT, 3 mM MgCl 2 , in the presence of the 

.20 ribonuclease inhibitor KNAs in (10 units Promega) 75 mM 

each dNTP in the presence of a limiting amount (5-20 ng) of 
a locus-specific (A, B and C loci) or a Class I-specific 
oligonucleotide. (A locus) in a 20 1 final volume for 
.30-45 .min. at '37 'C, (See Table I for the sequence and 

25 specificity of each of the primers and see Table II for the 
combinations of primers useful for each reaction). 
Figures 1A-1D show a schematic of the cDNA, PCR ; and 
sequencing products generated in each reaction. Note that 
each pair of reactions proposed per locus generates 

30 sequence information from different polymorphic portions of 
the genes to be sequenced. After the incubation period, 
the volume of the cDNA synthesis reaction was brought up to 
400 1 and spun-dialyzed using Ultrafree-100 columns 
(Millipore) in order to remove the unincorporated 

35 oligonucleotide molecules. The following were added to the 
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retentate (approximately 50 1) : 10 1 of 10X PCR buffer 
(50 mM KC1, 100 mM Tris-Cl, pH 8-3, 7.5-15 mM MgCl 2 , 0.1% 
gelatin), 8 1 of a mixture containing 1,25 mM of each of 
the four dNTPs, from 3-5 1 of a 25 mM MgC12 solution (the 
5 final MgCl2 concentration regulates the stringency of the 
reaction) , 75-200 ng of each of two additional 
oligonucleotides for each reaction (reactions 2, 3, 4, 5, 
and 6) or 75-200 ng of one primer and ,75-2 ng of the other 
primer (reaction 1) and 2 units of Tag polymerase; the 
10 final volume was adjusted to 100 1 with distilled water.* 



1 min at 94 °C, 1 min at 55 °C and 1 min at 72 *C using a 
Perkin-Flmer Cetus Thermocycler [see Saiki et al- , supra 

(1985); Mullis and Faloona, supra (1987); Saiki et al., 
15 supra (1986); Scharf et al., supra (1986).]. The primers 
used, their corresponding sequences and the regions to 
which they anneal are shown in Table II. The reactions for 
each locus are performed in separate microfuge tubes 

(Figure 2) . 

2 0 Referring to Figure 2, the specific reaction 

conditions required in each microfuge tube are as follows: 

HLA-A Typing 

Reaction 1 (sequencing of 3' end of the alpha2 domain 
25 encoding exon of HLA-A) * 



The reaction mixture was subjected to 35 cycles of 



30 



a) 
b) 
c) 



d). 



10 ng of primer ABC102, 3 microg. of UNA. 
spin dialysis. 

PCR with 3 microl. of 25 mM MgCl 2 , 100 ng of 

primer ABC109, 1 ng of primer A105. 45 cycles (l 1 

at S2 a C, 1 1 at 55°C, l f at 72 fl C) . 

spin dialysis., 

sequencing with primer A108. 



35 



Reaction 2 (sequencing of 5' end of alpha2 domain encoding 
exon and the alphal domain encoding exon of HLA-A) . 
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a) 20 ng of primer A105, 3 microg. of RNA. 

b) spin dialysis • 

c) PGR with 5 microl. of 25 mM MgCl 2 , 100 ng of 
primer ABC101, 100 ng of primer A108. 

5 i d) spin dialysis . 
I e) sequencing with primer A3C112. 

4 

S 

| HLA-B Typing 

■5 Reaction 3 (sequencing of 3' end of the alpha2 domain 
10 I encoding exon of HLA-B) . 

j a) 10 ng of primer B104, 3 microg. of RNA. 

b) spin dialysis. 
I c) PCR with 5 microl, of 25 mM Mgcl 2 , 100 ng of 
primer ABC109, 100 rig of primer B107. 
15 • d) spin dialysis. 

e) sequencing with primer ABC113. 

\ Reaction 4 (sequencing of 5 1 end of alpha2 domain encoding 
. exon and the alphal domain encoding exon of HLA-B) . 
20 a) 10 ng of primer B104, 3 microg. of RNA. 

b) spin dialysis. 

c) PCR with 5 microl . of 25 mM MgCl 2 , 100 ng of 
primer ABC101, 100 ng of primer B107. 

d) spin dialysis. 

25 : e) sequencing with primer ABC112.; 

HLA-C Typing 

; Reaction 5 (sequencing of 3* end of the alpha2 domain 
encoding exon of HLA-C) . 
30 a) 10 ng of primer C103, 3 microg. of RNA. 

b) spin dialysis. { 

c) PCR with 5 microl. of 25 mM MgCl 2 , 100 ng of : 
? primer ABC109, 100 ng of primer C106. 

d) spin dialysis. 

35 e) sequencing with primer ABC113. 
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Peaction 6 (sequencing of 5' end of alpha2 domain encoding 
exon and the alphal domain encoding exon of KLA-C) . 
a) 10 ng of primer C103, 3 microg. of SNA. 
5 b) spin dialysis. 

c) PCR with 5 microl. of 25 mM MgCl 2 , 100 ng of 
primer ABC101, 100 ng of primer C106. 

d) spin dialysis, 

^) e) sequencing with primer A3C112. 

10 

The reason for tlie different ratio of primer concentrations 
for reaction #1 is that the sequencing primer used to 
sequence that portion of the HLA-A genes works more 
efficiently when the limiting primer (.75-2 ng) is consumed 
15 in the reaction* Alternatively , the combination of primers 
for reaction 1 can be substituted for primers A105 (cDNA) , 
ABC 109 (PCRl)., A108 (PCR2) and ABC113 (sequencing) and in 
this case, 75-200 ng of each PCR primer are used. 

20 2.. Direct Sequencing of Amplified Products with Tag 
Polymerase 

V) The reaction mixture (100 1) was freed of 

unincorporated dNTPs and excess of oligonucleotides by 
spin-dialysis using Ultrafree-100 (Millipore) 

25 microconcentrators. Approximately one half of the 

retentate (20 1) was dried down and resuspended in 15 1 
of IX Taq sequencing buffer (50 mM Tris-HCl, pH 9, 10 mK 
MgC12) . Internal oligonucleotides were used for priming 
the sequencing of HLA-A, HLA-B, and HLA-C genes, 

30 respectively (Table XI).. Primers for sequencing are listed 
in Table II, Eight to 100 ng of primer vere end-labelled 

i 

with 10 pmol of gamma-P32 labeled ATP (5000 Ci/mmol, 

i 

10 CI/ L) and 5 units of T4 polynucleotide kinase (Promega 
Biotec) in a 10 1 final volume. Ten ng of primer (1 1) 
35 were added to the sequencing mixture without extraction of 
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unincorporated labelled ATP, boiled for 5 min. , and then 
left at room temperature for 15 min. Eight units of 
recombinant Tag polymerase (USB) were added to the mixture. 
Four 1 of the annealed primer/template mixture were later 
5 added to 4 1 of each of the stop nucleotide mixes: 

a) Term mix ddG: 15 microM each dGTP, dATP, dCTP, dTTP; 
45 microM ddGTP; b) Term mix ddA: 15 microM each dGTP; 
dATP; dCTP, dTTP; 600 microM ddATP; c) Term mix ddT: 
15 microM each dGTP, dATP, dCTP, dTTP; 1200 microM ddCTP; 
.10 d) Term mix ddC: 15 nqcroM each dGTP, dATP, dCTP, dTTP; 

i 

450 microM ddCTP. The ^reactions were allowed to proceed 
for two consecutive periods of 10 min. at 72-74 *C- After 
the second cycle, each .reaction was chased with 2 1 of a 
7*5 M mixture of ATP, ?GTP, TTP, CTP, and allowed to 

as proceed for 5 min- After spinning down, the reaction was 
.stopped by adding 4 ml I of 95% (vol/vol) formamide/20 mM 
EDTA, heated to' 80 m C fdr 5 min. and loaded on a .4 mm thick 
6% polyacrylamide/7M urea gel. Electrophoresis was 
performed at 2500 V for 2 hr, the gel fixed in 5% (vol/vol) 

20 glacial acetic acid/5% (v/v) methanol for 15 min, dried, 
and exposed to Kodak X-Omat film for 4 to 12 hours. 

RESULTS 

Optimization of the Sequence-Based Typing of HLA 
25 Class I Polymorphic Genes in Heterozygous Cells 

The designed primers were tested in different 

combinations in order io generate the desired information 

(sequence ladders) ■ The optimal combinations of primers 

and their sequences are shown in Table II. The proposed 

30 reactions (1 through 6); are based on their optimization in 
two heterozygote subjects belonging to the same family that 
share one of the two chromosomes transmitted from their 
parents (AR and PC, see Table II and Figure 3) . It was 
known to the investigator interpreting the sequencing 

35 results that these subjects were hetero zygotes, but the 



WO 92/15771 



PCT/US92/01679 



-27- 

-specific serologic types carried by these individuals were 
not known to the investigator. 

Different primer concentrations, primer 
combinations including cDNA, VCR and sequencing primers 
5 were tested with an initial objective of obtaining locus- 
specific ladders. The combinations of primers chosen as 
optimal allowed to obtain locus-specific sequence ladders 
spanning both of the polymorphic exons of Class I genes. 
The assessment of the locus-specificity of these reactions 
£10 was based on the presence of bases in the ladders generated 
that are found iri all known alleles at a given locus , but 
are absent in all known alleles at the other loci. 
Examples of such ;bases are indicated in Figures 4, 5 and 6, 
A second objective -was that such a strategy should 
'.15 allow simultaneous sequencing of both possible alleles at a 
; given locus. For that purpose and knowing that the tested 
cells were heterozygous at "the .A and B loci , the conditions 
of the reactions were optimized accordingly; primer 
concentrations as well as MgCl 2 concentrations in the PGR 
20 reaction were modified according. An example of such an 
experiment is shown in Figure 4. Note that at 3 or less 1 
of MgCl 2 per PCR reaction, one ladder is selected over the 
second. By increasing the concentration cf MgCl^ P e ^ 
reaction (4-6 1 of 25 mM MgCl 2 ) , both alleles are equally 
25 amplified without disrupting the locus-specificity of the 
reaction. Therefore, the optimum conditions are those 
which provide for clean, reproducible sequencing ladders 
corresponding to both polymorphic exons and which generate 
ladders corresponding to at least one and all of the 
30 possible alleles carried by any subject at the locus under 
study (HLA-A or HLA-B or HLA-C) ♦ Interpretation of the* 
sequence ladders generated for the A and B loci from both 
subjects allowed to predict their respective serological 
reactivities. However, several base-pair substitutions 
35 were noted in the alleles carried by these subjects if 
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i 

compared to previously described sequences corresponding to 
alleles with the same serological reactivities 
(Figures 4-6) . Furthermore, family member 6044-008 (same 
family) who could not be typed completely by serology was 
5 sequenced at A and B loci using the strategy described 

here. Partial sequence analysis of this individual's A and 
3 genes showed that she was heterozygous at the A locus 
(A*2401/A*0101) but homozi^ous at the 3 locus ?(B*0801) 
(Table III) • I i 

10 ^ i | 

Testing- of the "HIA Class X Sequence-Based' Typing 11 
Strategy in Seroloqicallv-Typed Cell Lines ^ 

A series of cell lines which had been! 

serologically typed was tested with the optimised strategy, 

15 although this serological information was not Jcnown to the 
investigator xeading the sequence ladders^ The sequence 
ladder corresponding i:o each of the performed reactions was 
first read, compared to known sequences arid assigned a 
serological designation corresponding to the specificity 

20 with the highest sequence homology. The results of these 
experiments are shown in Table III. As shown in Table III, 
the serological reactivity of the cells could be predicted 
in all but one case; sequencing of the 3'-end of the third 
exon of the B genes (encoding the alpha2 domain of the 

25 heavy chain of the B antigen) carried by cell line WJR076 
indicated that it carried, a B*5800 allele. However, 
serological analysis indicated that it carried; a highly 
related allele: B57 which, in the region sequenced by the 
corresponding reaction, differs from B58 by a single 

30 nucleotide substitution (other differences can be found 
upstream) . This discrepancy could be explained if the 
sequenced B gene corresponds to a B57 allele that shares 
its 3 1 sequence with the B58 allele. 

The consanguineous homozygous typing cell ESH 

35 (which is supposed to be homozygous at all HLA loci) 
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reacted with A68 and A30 antisera, although the sequence 
corresponding to the 3 1 end of the third exon of the A 
genes corresponded to an A*680x gene. It is possible that 
upstream portions of the A gene(s) carried by this cell 
5 line share sequences with the A3 0 specificity; in this 
case, the cell line* would be homozygous for a sequence 
variant of A68 with.; 5 1 sequences of an A30 specificity. 

Interestingly, ;as indicated in Table III, several new 

> L .... 
sequence subtypes or A and B specificities were identified 

10 with these experiments* The sequencing ladders generated 

■ * i 

with some of these experiments are shown in Figures 4, 5, 
and 6. I 

The strategy shown here for Class I HLA typing 
using SBT (sequencer-based typing) can be used to predict 

15 the serological reactivity of the typed cells and can 
detect previously unidentified allelic variants. 
Furthermore,; this approach is inexpensive, /requires only 6 
cDNA/PCR/Sequencing' reactions and allows interpretation of 
the nucleotide sequences of both polymorphic exons of 

2 0 Class I genes. Thus, this approach can be used as an 

independent and highly accurate typing method f Class I 
HLA genes. The Class I HLA typing strategy presented in 
this application does not require previous typing 
information and is the only current technique that will 

2 5 allow the most detailed characterization of Class I 

polymorphism (at the sequence level) in the population. 
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5 

SA (9001) 
HZ0707S2 (9002) 
JBUSE (9035) 
JVM (9039) 
10 BH (9045) 

SAVC (9034) 
DEM (9007) 
VJR076 (9012) 
RML (9016) 
15 RSH (9021) 

EO301 (9055) 
H0301 (9055) 
I SP0010 (9036) 

SPCO10 (9035) 
20 KR 

Tr 
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Table III 

A B 

24 7 

24 " 

32 38 

2 IS 

2 13 

3 7 
2 .57 
2 57 
2 51 
6S/30 
3 
3 



42 
14 
14 



25 



C#)PC 



C#)AR 



2 44 

2 44 

1 8 

1/11 8/7 

1/2 8/51 

1/24 39/51 



Reaction #(*) 
A B 

1 (*2401) 
1 (*2401) 
1 (*3201) 
1 (*020x) 
1 (*020x) 
1 (*0301) 
1 (*020x) 
1 (*020x) 
1 (*020x) 
1 (*680x) 
1 (*0301) 

1 (*020x) 

1 (*0101 
+ *2401) 

1 (*0101 
+ *110nev) 

2 (*010nev 
+ *020x) 
2 (*020x 
+ *240new 



3 (*140x) 
3 (*380new) 

3 (*1301) 

3 (*070nev) 

3 (*5701) 

3 (*5801). 

3 (*5101) 

3 (*4201) 

3 (*140x) 

4 (*l40x) 

3 (*440x) 

4 (*4401) 

3 (*0801) 

.3 (*0801 
+ *0702) 

4 (*080nev 
+ *510nev) 
4 (*390new 

*510nev) 



30 <*) The predicted allele by Sequence-based typing (SBT) are shown « 
parenthesis: the sequence ladder corresponding to each of the 
performed reactions vas first read, spared to known sequences and 
assigned a serological designation corresponding to the spec.fxcxty 
vith the highest sequence homology. The serological results .ere not 

35 knovn by the investigator interpreting the sequence ladders. 
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The new nomenclature of HLA Class I allelic specificities is used here 
(for example, the serological Al allele is designated as .A*0101) . In 
some cases, sequence variants have been described for a given 
serological specificity; these are designated as for example .A*1101 
5 and A*1102 f etc. In many cases, new sequence variants have been 

identified by using the method of the present invention and have been 
designated as "nev 9 .. If the sequence difference that? distinguishes 

tvo given variants of a given specificity falls .outside the region 

j 

sequenced in a given reaction, the sequencing results| are represented 

i I 

10 as, for example B*140x (in this particular case ; the sequence could 
correspond to either B*14Q1 or B*1402) . ! ] 



(#) These tvo subjects are siblings. The new B*51 allelic sequence 
is shared by both of them as expected; the B allele carried by the 
15 second chromosome is different in each subject. " ; 

Underlined alleles .indicate discrepancy between ^serological and 
sequence results. Tn KR, serological results for Class I genes were 
incomplete; the second chromosome of this subjectl655Xcon4d be typed. 
2 0 However, sequence analysis indicated that the subject- was heterozygous 
at the A locus. Consanguineous cell line E.SH was found to be 
homozygous for A*680x. 



25 EXAMPLE III 

Class I Typir.? Strategy for Determining 
Unknown HLA Type 

Routine HLA typing of large populations of 

individuals for sequence polymorphisms can be performed by 

30 the use of the methodology reported here which can also 

identify previously unknown allelic variants. Figure 2 

shows a flow-chart for the protocol used to determine 

sequence allelism of individuals of unknown HLA types. 
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1. Employment of Primer Combinations for cDKA, PCR and 
" Direct Sequencing Using RNA as Initial Template 

In the present method, a given Class I typing 

| primer is considered to be "locus-specific" or Class I 

• f 5 loci-specific not exclusively on the basis of its 

nucleotide sequence, but also according to its functional 

behavior under specific reaction conditions. More 

specifically, for synthesizing cDNA molecules, the present 

invention provides single strand DNA anti-sense 

10 oligonucleotide primers that anneal to regions relatively 

conserved (no more than about 2 nucleotide differences) 

that follow a locus-specific nucleotide sequence pattern of 

the gene mRNAs to be reverse transcribed, amplified and 

< sequenced. These oligonucleotide primers include an 

15 oligonucleotide sequence that: (1) anneals to a region 

(codons 271-277) shared by the alleles at HLA-A, -B, and -C 

loci (primer ABC102); (2) anneals to a region (codons 

263-270) shared by the alleles at the HLA-A locus (primer 

A105); (3) anneals to a region (codons 263-270) shared by 

20 the alleles at the ELA-B locus (primer B104); (4) anneals 

to a region (codons 263-270) shared by the alleles at the 

HLA-C locus. These primers are used in 6 different 

reactions (1 through 6 in Figure 2) at a low concentration 

(10 ng) and are removed by spin-dialysis after the cDNA 

25 synthesis reaction in order to increase the functional 

. efficiency of the primers used in the PCR and sequencing 

reactions. Reactions 1 and 2 are for HLA-A typing, 

reactions 3 and 4 are for HLA-B typing, and reactions .5 and 

6 are for HLA-C typing. 

30 To amplify cDNA molecules corresponding to each 

Class I locus, twp different oligonucleotide primers are 

added to each reaction* The reactions for each locus 

generate "locus-specific" amplification under the 

conditions described in the legend to Figure 2. Each of 

35 these reactions amplify all the alleles carried by any 
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given individual at each separate locus . Each- combination 
# of primers will generate information corresponding ±o only 

one locus (HLA-A or KLA-3 or HLA-C); in heterozygotes at a 
| • given locus the sequencing reactions will generate '2 

f * 5 overlapping ladders (each ladder corresponding to each 

allele at the same locus on each parental chromosome) and 
in homozygotes only one ladder will be generated (the 
ladder corresponds to the vrery same allele at the same 
■v-.y locus on both parental chromosomes). These primers are: 

10 (1) a sense primer (e.g. ABC109), annealing -to codons 24 to 
31 of the alleles at all loci (reaction 1); (2) an anti- 
sense primer (e.g. A105), annealing to codons 270-263 of 
the alleles at the HLA-A locus (reaction 1); (3) a sense 
primer (e.g. ABC101), annealing to codons -1 to -8 of the 
15 alleles at all loci (reactions 2 through 5); (4) an anti- 
sense primer (e.g., A108), annealing to codons 189-195 of 
the alleles at the 'HLA-A locus (reaction 2); (5) an anti- 
sense primer (e.g. B107), annealing to codons 184-190 of 
the alleles at the ULA-B locus (reactions 3 and 4); (6) an 
20 anti-sense primer (e.g. C106), annealing to codons 183-190 
of the alleles at the HLA-C locus (reactions 5 and G). 

Primers useful in direct sequencing the 
polymerase-chain reaction products corresponding to Class I 
HLA loci include: (1) an anti-sense primer (e.g. A108), 
25 annealing to codons 189 to 195 of the alleles : at .HLA-A 
locus.. This primer is used -to sequence the products of 
reaction 1 and generates sequence information corresponding 
to the alpha2 encoding exon of HLA-A locus; (2) an anti- 
sense primer (e..g. ABC112), annealing to codons 120 to 126 
30 of the alleles at all dass I loci. This primer is used to 
sequence the products of reactions 2 (HLA-A), 4 (HLA-B) and 
6 (HLA-C) and generates sequence information for the 5' end 
of the alpha2-encoding exon and all the alphal-encoding 
exon of Class I genes; (3) a sense primer (e.g. ABC113), 
35 annealing to codons 120 to 126 of the alleles at all 
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Class I loci.. This primer is used for sequencing the 
products of reactions 3 (HLA-B) and 5 (HLA-C) and generates 
sequence information for the 3 '-end of the alpha2 -encoding 
exon of the corresponding Class I genes, 

5 

2 . Procedure for Determining Unknown HLA Type 

A subject of unknown HLA type, diseased or not, is 
uO be typed for Class I HLA polymorphism. From 10 to 50 mL 
of peripheral blood are drawn. The peripheral blood 
10 mononuclear cells are prepared by centrifugation over 
Ficoil-Hypaque gradients. The cells are then lysed in 
guanidium isothyocianate and total cellular RNA prepared 
using conventional methods (either by centrifugation on 
cesium chloride gradients r which lasts about IS hours , or 

15 by the guanidium isothyocianate-phenol-chlorophorm 

extraction method, which can be performed in less than 4 
hours. See Gouuh, supra (1988); Johns et al., Anal-, 
Biochem. , 180 :276 (1989)., Otherwise genomic DNA from these 
cells or other sources (hair, blood stains, sperm, ecc.) 

20 can be prepared with conventional methods such as provided 
by Higuchi, R. in PCR Technology , Erlich, M. (ed.) 7 
Stockton Press: 31 (1989)- HLA-A/B/C, HLA-A, . HLA-B, and 
HLA-C cDNA molecules are synthesized from total RNA using 
locus-specific primers. Approximately, one to five 

25 micrograms of RNA is reverse transcribed with MoLVRT 

(reverse transcriptase) and HLA -A, ~B, and -C loci, HLA-A 
(A105 and/or ABC102), HLA-B (B104) and HLA-C (C103), 
-specific anti-sense primers in a 20 pi final volume 
reaction (30-60 minute incubation). The reaction for each 

30 Class I gene is performed in a different tube. 

Once these reactions are completed?, they are spin 
dialyzed to remove unincorporated reverse transcriptase 
primer, and the enzymatic amplification of the respective 
cdna molecules is then performed by adding to the retentate 

35 of the spin-dialysis , the reagents needed for the 
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amplif ication step. This includes the PGR reagents and 
appropriate combination of Class I loci-specific and 
individual locus-specific oligonucleotide primers. This 
example uses two reactions for HLA-A (tubes 1 and 2), two 
5 for HLA-B (tubes 3 and 4), and two for HLA-C (tubes 5 and 
6). Reactions 1 and 2 incorporate primers ABC109 and A105 
or ABC101 and A108, respectively. Tubes 3 and 4 
incorporate primer B107 and ABC109 or B107 and ABC1D1, 
respectively, and tubes 5 and 6 incorporate primer CIO 6 .and 

10 ABC109 or C106 and ABC101, respectively, 

Once completed, the reactions are spun-dialyzed 
for about 15 minutes using Ultrafree-100 (Millipore) or 
similar columns to remove unincorporated primers and dNTPs.. 
The retentate or one half of the recovered retentate for 

15 each reaction is then directly sequenced using Tag 

polymerase and the primers described in Table II for each 
combination of primers used in the cDNA/PCR reactions using 
P-32 end-labeled (10 minutes) sequencing primers (35 
minutes ) . 

20 The sequencing reactions products are loaded on an 

acryl~mide gel, electrophoresed in 2-3 hours and exposed to 
X-ray films for 4-12 hours. The gels are read and results 
from gels are compared to nucleotide sequences 
corresponding to all possible alleles.. 

25 Comparisons can be made visually using the .naked 

eye or using a personal computer and a software package 
including the nucleotide sequences of all alleles of all 
haplotypes and routines vhich indicate how the comparison 
is to be performed as well as subroutines which will allow 

30 identification of new allelic sequences.. 
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(2) INFORMATION FOR SEQUENCE ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

c (A) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

10 MOLECULE TYPE: Genomic DNA 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: Internal Fragment 

15 (vi) ORIGINAL SOURCE: Synthetically Derived 



20 



.25 



30 



40 



45 



50 



(ix) FEATURE: 

(A) NAME/KEY: Oligonucleotide Primer ABC101 

(B) LOCATION: Anneals to codons -8 to -1 of 
the A, B and C transcripts of KLA class 
I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

G GCC CTG ACC GAG ACC TGG GC 21 
Ala Leu Thr Glu Thr Trp Ala 
-5 - 1 



35 (2) INFORMATION FOR SEQUENCE ID NO: 2.: 
(i) SEQUENCE CHARACTERISTICS : 



(A) LENGTH : 21 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iv) ANTI-SENSE: yes , 

(v) FRAGMENT TYPE: Internal Fragment 

(vi) ORIGINAL SOURCE: ' Synthetically Derived 
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(ix) FEATURE s 

(1) .HMB/KIYi Oligonucleotide Prtaer &BC102 

class I 

SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AG A TGG C*C CCA; TCT jcAG GGT 



21 



(2) INFORMATION FOR SEQUENCE ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS : 

20 fJ0 LENGTH: 21 base pairs 

B TYPE: Nucleic Acid 

(C STRANDEDNESS: -Single 

(D) TOPOLOGY: Linear 

25 MOLECULE TYPE: Genomic DNA 

(iv) ANTI- SENSE: yes 

FRAGMENT TYPE: Internal Fragment 
ORIGINAL SOURCE : ; Synthetically Derived 

(ix ) FEATURE: 
35 (A) kame/kEY: Oligonucleotide Primer C103 

. (B) LOCATION: Anneals to codons 263 to 270 
of the C transcript of HLA ciass 

40 (xi) • SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

AGG GGC TCT GGC AGC CCC TCG 21 



30 (v) 
(vi) 



45 



(2) INFORMATION FOR SEQUENCE ID NO: 4: 
{i) SEQUENCE CHARACTERISTICS : 

50 (A ) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 
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10 



15 ': 



20 



(ii) 

dy) 

(vj) 
(vi) 

f 



(C) STRANDEDNESS: Single 

(D) TOPOLOGY* Linear 

MOLECULE TYPE: Genomic DNA 
ANTI-SENSE: yes 

FRAGMENT TYPE: Internal Fragment 
ORIGINAL SOURCE: Synthetically Derived 
FEATURE: 

(A) NAME /KEY: Oligonucleotide Primer B104 

(B) LOCATION: Anneals to codons 263 to 270 
of the B transcript of HLA class I 



SEQUENCE DESCRIPTION: SEQ ID NO: 4; 
AGG GGC TTC GGC AGC CCC TCA 



21 



25 ■ (2) INFORMATION FOR SEQUENCE ID NO: 5: 



30 



35 



40 



45 



50 



(i) 



(ii) 
(iv) 

(v) 

(vi) 

(ix) 



(xi) 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 

( C ) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

MOLECULE TYPE: Genomic DNA 
ANTI-SENSE : yes 

FRAGMENT TYPE: Internal Fragment; 
ORIGINAL SOURCE: Synthetically Derived 
FEATURE : 

(A) NAME /KEY: Oligonucleotide Primer A105 

(B) LOCATION: Anneals to codons 263 to 27 0 
of the A transcript of HLA class I 

SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AGG GGC TTG GGC AGA CCC TCA 21 
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10 



15 



20 



25 



(2) INFORMATION FOR SEQUENCE ID NO: 6 i 
SEQUENCE CHARACTERISTICS : 



(i) 



(ii) 
(iv) 

(v) 

(vi) 

(ix) 



(xi) 



(A) LENGTH: 21 base pairs 

(B) TYPE j Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

MOLECULE TYPE: Genomic DNA 

ANTI -SENSE: yes ! 

FRAGMENT TYPE: Internal Fragment ; 

ORIGINAL SOURCE: Synthetically Derived 

FEATURE: 

(A) NAME /KEY: Oligonucleotide Primer C106 

(B) LOCATION: Anneals to codons 183 to 190 
of the C transcript of HLA class I 

SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GTC ACG TGT GTC TTT GGG TGT 21 



30 



35 



40 



45 



(2) INFORMATION FOR SEQUENCE ID NO: 7: 
SEQUENCE CHARACTERISTICS ; 



(i) 



(ii) 
(iv) 

(v) 
(vi) 



(A) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

MOLECULE TYPE: Genomic. DNA 
ANTI-SENSE: yes 

FRAGMENT TYPE: Internal Fragment 
ORIGINAL SOURCE: Synthetically Derived 
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(ix) FEATURE: 

(A) HAME/KEY: Oligonucleotide Primer BIO 7 

5 (B) LOCATION: Anneals to codons 0.84 to 190 

of the B transcript of HLA class I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

10 GGT CAC ATG TGT CTT TGG GGG 21 

v 

i % 

(2) INFORMATION FOR SEQUENCE l£> NO: 8: 

15 i" 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 21 base pairs 

(B) TYPE: Nucleic Acid 
20 (C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Gnomic DNA 
25 (iv) ANTI-SENSE: yes : 

(v) FRAGMENT TYPE: Internal Fragment 

(vi) ORIGINAL SOURCE: Synthetically Derived 
(i;:) FEATURE: - 

(A) NAME /KEY : Oligonucleotide Primer Al 08 



30 



35 (B) LOCATION: Anneals to codons 189 to 195 

of the A transcript of HLA ^lass I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

40 AGA GAT AGC GTG GTG GGT CAT 21 



45 (2) INFORMATION FOR SEQUENCE ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

50 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 
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(ii) MOLECULE TYPE: Genomic DNA 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: Internal Fragment 

(vi) ORIGINAL SOURCE: Synthetically Derived 
(ix) FEATURE: 

(A) NAME /KEY : Oligonucleotide Primer ABC10S 

(B) LOCATION: Anneals to codons 24 to 31 of 
the A, B and C transcripts of HLA class 

T 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CA GTG GGC TAC GTG GAC GAC A 21 

Val Gly Tyr Val Asp Asd 
25 " 30* 



25 

(2) INFORMATION FOR SEQUENCE ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 

( C ) STRANDEDNESS : Single 

(D) TOPOLOGY: "Linear 

35 (ii) MOLECULE TYPE: Genomic DNA 

(iv) ANTI -SENSE: yes 

(v) FRAGMENT TYPE: Internal Fragment 

40 

(vi) ORIGINAL SOURCE: Synthetically Derived 
(ix) FEATURE: 

45 i (A) NAME /KEY: Oligonucleotide Primer ABC116 

(B) LOCATION: Anneals to codons 33 to 39 of 
the k, B and C transcripts of HLA class 
I 
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(xi) SEQUENCE DESCRIPTION z SEQ ID NO: 10-: 

GTC GCT GTC GAA CCT CAC GAA 21 



(2) INFORMATION FOR SEQUENCE ID NO: 11: 
10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE:: Nucleic Acid 

( C ) STRANDEDNESS : Single 
15 (D) TOPOLOGY: Linear 



(ii) MOLECULE TYPE: Genomic DNA ; 

(iv) ANTI-SENSE: yes ! 

i 

(v) FRAGMENT TYPE: Internal Fragment 

(vi) ORIGINAL SOURCE: Synthetically Derived 
25 (±x) FEATURE: 1 

(A) NAME /KEY : Oligonucleotide Primer ABC112 

(B) LOCATION: Anneals to codons 121 to 127 
30 of the A, B and C transcripts of HLA 

class I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

35 TT CAG GGC GAT GTA ATC CTT .20 



40 (2) INFORMATION FOR SEQUENCE ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) .LENGTH: 21 base pairs 

45 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 



(ii) MOLECULE TYPE: Genomic DNA 

(iv) ANTI-SENSE: no 
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FRAGMENT TYPE: Internal Fragment 
ORIGINAL SOURCE: Synthetically Derived 
FEATURE : 

(A) NAME/KEY: Oligonucleotide Primer A3C113 

/x,n rnnvriON: Anneals to cocions 120 tc > 126 

(B) of the I, B and C transcripts or HLA 

class 7 

SEQUENCE DESCRIPTION: SEQ ID NO: 12: © 
GGC AAG GAS TAC ATC GCC CTG 21 



Sly Lys Asp Try He Ala Leu 
120 • LZ3 
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VfHAT IS CLAIMED: 

1. A method for determining a Class I HLA 
genotype of a subject in a sample containing subject 
nucleic acid comprising: 

(a) isolating nucleic acid from said sample*; 

(b) amplifying said nucleic acid by polymerase 
chain reaction to generate sufficient 
polymerase chain reaction product for each 
allele of at least one gene locus to be 
sequenced , all of said alleles for each said 
gene locus and chromosome to be sequenced 
being amplified with at least one Class I 
loci-specific primer annealing to all 
possible alleles at all Class I loci at each 
chromosome and a locus-specific primer that 

j anneals preferentially to a region of each 

said gene locus "which has a sequence that is 
shared by all alleles at each said locus; 

(c) sequencing directly each polymerase chain 
reaction product for each allele -it each gene 
locus of each chromosome with Taq polymerase 
and either a locus-specific primer and a 
.Class I loci-specific primer or two Class I 
loci-specific oligonucleotide primers; and 

(d) analyzing each sequenced polymerase chain 
reaction product to determine the genotype of 
said subject, ' 

2. The method of claim 1 wherein said isolated 
nucleic acid is RNA and further comprises the following 
step prior to amplifying said nucleic acid: 

; (a) synthesizing cDNA molecules for each allele 

of each gene locus of each chromosome to be 
sequenced, wherein said synthesis employs a 
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locus-specific oligonucleotide primer that 
anneals to a region of each gene locus shared 
by all alleles of each said gene locus or a 
Class I loci-specific primer annealing to a 
region shared by all possible alleles of all 
Class I loci. 

3. The method of claim 1 wherein said gene locus 
to be sequenced is the Class I HLA-A locus. 

4. The method of claim 1 wherein said gene locus 
to be sequenced is the Class I HLA-B locus, 

5. . The .method of claim 1 wherein said gene loci 
to be sequenced are Class I HLA-A, -B, and -C loci. 

6 . The method of claim 1 wherein said gene locus 
to be sequenced is Class I HLA-C locus. 

7. A method for determining the Class I HLA 
genotype of a subject in a sample containing subject 
nucleic acid comprising: 

(a) isolating total cellular RNA from said 
sample; 

(b) synthesizing cDNA molecules for each allele 
of at least one Class I gene locus to be 
sequenced, wherein said synthesis employs a 
locus-specific oligonucleotide primer that 
anneals to a conserved region of each allele 
of each said Class I gene locus; 

(c) amplifying said cDNA molecules by polymerase 
chain reaction to generate a polymerase chain 
reaction product for each allele of at least 
one Class I gene locus to be sequenced, all 
of said alleles for each Class I gene locus 
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and chromosome to be sequenced being 
amplified with at least one Class I loci- 
specific oligonucleotide primer annealing to 
all possible alleles at all Class I loci at 
each chromosome and a locus-specific primer 
that anneals preferentially to a region of 
each said gene locus which has a sequence 
that is shared by all alleles at each said 
locus ; 

(d) sequencing directly each polymerase chain 
reaction product for each allele at each gene 
locus of each chromosome with Taq polymerase 
and either a locus-specific primer and a 
Class I loci-specific primer or two Class I 
loci-specific oligonucleotide primers; and 

(e) analysing each sequenced polymerase chain 
reaction product to determine the genotype of 
said subject. 

8. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons -8 to -1 of Class I 
loci A, B, and C. 

9.. An oligonucleotide primer having the sequence 
GGCCCTGACCGAGACCTGGGC. (SEQ. ID N0:1) 

10, An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 271 to 277 of Class 1 
loci A, B, and Cv 

11. An oligonucleotide primer having the sequence 
AGATGGCTCCCATCTCAGGGT. (SEQ. ID N0:2) 
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12.. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 270 to 263 of Class I 
C locus. 

13. An oligonucleotide primer having the sequence 
AGGGGCTCTGGCAGCCCCTCG *; (SEQ. ID NO: 3} 

I 

14. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 270 to 263 of Class I 
B locus. ; { 

i 

15 . An oligonucleotide primer having the sequence 
KGGGGCTTCGGCAGCCCCTCk: (SEQ. ID NO: 4) 

16. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 270 to 263 of Class I 
A locus. ; 

17. An oligonucleotide primer having the sequence 
AGGGGCTTGGGCAGACCCTCA . (SEQ. ID NO: 5) 

18. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 183 to 190 of Class I 
C locus . 

19 . An oligonucleotide primer having the sequence 
GTCACGTGIGTCTTTGGGTGT; (SEQ. ID NO: 6) 

20. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 184 to 190 of Class I 
B locus, 

21. An oligonucleotide primer having the sequence 
GGTCACATGTGTCTTTGGGGS . (SEQ. ID NO: 7) 
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22.. An oligonucleotide primer comprising a 
single strand of DNA which anneals to codons 189 to 195 of 
Class I A locus. 

23. An oligonucleotide primer having the sequence 
AGAGATAGCGTGGTGGGTCAT.. (SEQ- ID NO: 8) 



t 

\ 24. .An oligonucleotide primer comprising a single 

I strand of DNA which anneals to codons 24 to 31 of Class I 

j' A, B r and C loci. 

i 

V 

/ 

■ 25. An oligonucleotide primer having the sequence 

• CAGTGGGCTACGTGGACGACA. (SEQ. ID NO: 9) 

t 

26. An oligonucleotide primer comprising a single 
; strand ox DNA which anneals to codons 33 to 39 of the 

Class I A, B, and C loci. 

i 

r 27. An oligonucleotide primer having the sequence 

GTCGCTGTCGAACCTCACGAA . {SEQ. ID NO: 10) 

28. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 121 to 127 of Class I 
A, B, and C loci. 

* .29. An oligonucleotide primer having the sequence 
TTCAGGGCGATGTAATCCTT . {SEQ. ID NO: 11) 

30. An oligonucleotide primer comprising a single 
strand of DNA which anneals to codons 120 to 126 of Class I 
A, B, and C loci. 

! 

( 

■ 31. An oligonucleotide primer having the sequence 
GGCAAGGATTACATCGCCCTG . (SEQ. ID NO: 12) 
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32 A method for rapid automated determination of 
» =uhiect In a sample containing 
HLA Class I genotype of a subject in 

<mbiect nucleic acid comprising: 

3 (a, isolating nucleic acid fro* said.sa.ple «th 
an RNA/DNA extractor; ; 
(b , amplifying said nucleic acid by polymerase 
chain reaction using a thermocycler to 
generate a polymerase chain reaction product 
for each allele of each gene; locds to be 
sequenced, all of said alleles Ajr each gene 
locus and chromosome to be sequenced being 
anrplif ied with at least one loci.specific 
oligonucleotide primer annealing;" all 
possible alleles at each Class ijloci at each 
chromosome and a locus-specific primer that 
anneals preferentially to a region of each 
said gene locus which has a .sequence that is 
shared by all alleles at each locus; 

(c) sequencing directly each polymerase chain 

( ] reaction product for each allele at each gene 
locus of each chromosome in an automated 
sequencing apparatus with Taq polymerase and 
either a locus-specific primer and a Class 
loci-specific primer or two Class I loci- 
specific oligonucleotide primers; and 

( d) analysing each seque; ced polymerase chain 
reaction product to determine the genotype of 
said subject with a computer having a data 
base with allelic sequence information to 
compare the sequence of each allele of each 
gene locus sequenced to known sequences ror 
each such gene locus. 
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